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© Improvements in and relating to packaging. 



© The present invention provides a wall for a package comprising:- 
(a) an outer set of one or more layers (1-4) and 
r- (b) an inner set of one or more layers (5-6) which layer or the outermost of which layers (5) 

^ comprises a composition comprising a polymer and having oxygen-scavenging properties,- 
q wherein - 

(i) the outer set of layers would have, if separate from the inner set and in the absence of any 
W oxygen-scavenging properties in any of the layers or the layer constituting the set. a permeance, for 
IP oxygen, of not more than 1.5 cm 3 /(m 2 atm day); 

CO (ii) the inner set of layers would have, if separate from the outer set and in the absence of oxygen- 

W scavenging properties in any of the layers or the layer constituting the set, a permeance, for oxygen, of at 
O least 2.0 cm 3 /(m 2 atm day); and 

^ (Hi) the inner set of layers would have, if separate from the outer set, a permeance, for oxygen, less 

in than the permeance specified in (ii) by at least 1.0 cm 3 /(m 2 atm day) by virtue of oxygen-scavenging In at 
least the layer specified in (b). 
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In a preferred combination one of the outer layers (3) is of metal and the composition in the outermost of the 
inner layers (5) scavenges oxygen through the metal-catalysed oxidation of an oxidisable organic component 
thereof. 

The wall is suitable for packaging uses, with the inner set of layers disposed towards the product, where 
headspace scavenging is especially desired. 
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The present invention relates to packaging of oxygen-sensitive foods and beverages 

. ssxr ,0MS - •** sauc9s - anj *" p,oduc,s ' ai ™ ! « a » ^ 

packed rift me product or transmitted tnropah fte ™„ o( Vp^ST ' 5Caven9es » 

- ~xr„r:rp<^ — - 

pari ol the oxygon before It reaches Be package contents* a» 9 acevengmg a, l MS , , 

oxygen on the one side and to an essentia.lv W™1S™S. ° 3 partial pressure P of 

rs oxygen emerging on the l^iTSS^SI ° Xy9en 0 " ^ ° th6r - The quan,it V °< 

converted to some standard C^Mc^T^LT!T ** & dWdt ' ,he volume bei "9 

(usually a few days) O^J^S^^SST T Z^™' 3 C9rtain Ume of e ^ure 
dV/dt P w A p (,) 9 y ° Und t0 Stab, " Se ' and a P " value is ca, ^'ated from the equation (1). 

. z ?~d ,he r (Anab9y with ma9 - c 

area", but we are following the nomencZe in Scv^w J , ° ^""^ 35 "P ermean ^ per unit 
Wiiey interscience. 1985 page ^X^S^S^ i P °' ymer Science and Technoiogy. Vol.2, 
this speoifioation are O'c'and 1 atm 0 J,! ^ 32 Tn T^T, 9 U " d 3nd in 

substantially constant over the area A with value T and L *»■' T ° f ,he 3rea of wa " is 

s wall is not a laminated or coated one) 7h«n Tl J J ' S Umf0rm throu 9 h tne «**»»*« 0-e. the 
wa.l is calculated from ttS . £2£n S 6 Permeab " lty ° f ,he 22SSS in the direc «™ "ormai to the 
dV/dt = P M A p/T (2) 

^pendent of , p. and T 

scavenger vary with time (pScularTy i t£ sl^n * * ' b6CauW *• concentra «<™ a "d activity of 
from measuring P w and JTSSj accura y"^ f ~ J' time £ "? ° S 
relatively gradual once the norma, initial equilibraton oerL nf l , V ( Cha " 9eS in dWdt bein 9 
recognised that, whereas after a few dtP^uZ^Tnt* V " °^ H ° Wever ' if shou,d be 
achieves a steady state in which dV/dt7s equTt ^ J? JT™"^* C ° nd,ti0nS 3 "^^g^ wall 
achieves an (almost) steady state in ^^t^^^'T'r'^" l ° *° W3 "' 3 SC3Ven 9 in 9 wa " 
wal,. This being the case, it is like. ^X cZlZ i^S ?T ^ " ° Xy " n i09reSS t0 the 
in (2) is a function of p and T as well as of t P 7p l ) ^ ° f P 38 We " as of * and tha ' P« 

permeances and oermeabilities at » 71 ' J ~ ™ ^ torscava n9i"9 walls are. strictly speaking, not true 
rather, apparent ones. However, we have chosen To retain^T 9 '" 9 ^ simu »— .y) but. 

"permeability". So long as the conditions oftTZV * conventional «*™ "permeance" and 

characterising the walls in Tn^rZ^LTto^Z^ " Spe ° md they are suitabl ° *>' 

from the wall). 3nt t0 the p3Ckag,n 9 user 0* in terms of the oxygen emerging 

unde^dtor ^l^2^^Jf^^^T W r S,3ted « * b ° 

wall is 50% and the temperature has'r r«2-« ■ 6 hum ' drty 0n the ox y9en-rich side of the 
industry. temperature <s 23 C. Cond^ons close to these are conventional in the packaging 

va-uiV^^ the wa„ under test. All P w and P M 

refer to the dark or else to conditio s oS oxygen-scavenging properties. 

In our copending UK patent applicafen 2 15699 ^o ' IT^ 9 l ° ^"-scavenging. 
wa.l for a package, which wa.l comptes 5 ncludes TllT 3nd claimed a 

polymer and having oxygen-scavenginq orooertils rSfJ ^ COmpr,S,n 9- a composition comprising a 
through the me^L 0^'^ XS^SSSS^T^ ^ 
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In a second aspect, the invention of the aforesaid UK patent application provides a composition for 
packaging use which comprises a polymer, an oxidisable organic component, and a metal catalyst for the 
oxidation of the oxidisable organic component. 

The composition provided by the aforesaid invention has three major uses, namely as the material for a 
5 wall or a layer of a wall, as a masterbatch for blending with another polymer for such use. and as a head- 
space scavenger. 

In a third aspect the aforesaid invention provides a package, whether rigid, semi-rigid, collapsible 
lidded or flexible or a combination of these, a wall of which is a wall as provided by the invention in its first 
aspect or comprises entirely, as a layer, or as a blend the composition provided by the invention in its 
10 second aspect. 

The UK patent application corresponds to EPC patent application 88 306175.6 and PCT patent 
application GB/8800532. The UK patent application has been published under number GB 2207439A and 
the EPC under number EP 301719 Al. The entire disclosure of the aforesaid patent applications is 
incorporated herein by this reference. However, it is convenient here to note the following points reiatina to 
is our earlier invention:- a 

(1) The oxidisable organic component may be an oxidisable polymer. The use of an oxidisable 
polymer as the oxidisable organic component has the advantage, broadly speaking, over the use of an 
ox.d.sable non-polymeric component that it is less likely to affect adversely the properties of a non- 
ox!d.sable polymer with which is is blended. It is possible for an oxidisable polymer to be used as the sole 
polymer in the composition, serving a dual function as polymer and oxidisable organic component 

(2) It is of course possible for two or more polymers, two or more oxidisable organic components or 
two or more catalysts to be used. It is possible also for a metal catalyst to be used in combination with a 
non-metal catalyst. 

(3) The word "catalyst" is used in a general way readily understood by the man skilled in the art not 
necessarily to imply that it is not consumed at all in the oxidation. It is indeed possible that the catalyst may 
be converted cyclically from one state to another and back again as successive quantities of oxidisable 
component are consumed by successive quantities of oxygen. However, it may be that some is lost in side 
reactions, possibly contributing directly to oxygen-scavenging in small measure, or indeed that the 

catalyst is more properly described in an initiator (e.g. generating free radicals which through branchino 
chain reactions lead to the scavenging of oxygen out of proportion to the quantity of "catalyst") 

(4) Polyesters and polyolefins are especially suitable as nori-oxidisable polymeric components 
especially ethylene terephthalate or ethylene naphthalate polyesters. Oxidisable organic components 
include amides, especially polyamides and most especially MXD6, which is a condensation polymer of m- 
xylyiened.am.ne and adipic acid. Metal catalysts include cobalt, copper, and rhodium compounds ~ 
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The aforesaid patent applications describe most particularly walls which would have a permeance in the 
range from 1 5. preferably 3.0 to 30, preferably 18.0 cnA»n> atm day), in the absence of scavenging 
Various multi-layer structures for walls are also described. 
The present invention provides a wall comprising - 
<o (a) an outer set of one or more layers; and 

r«™3™ ^ * T " ^ ,ayerS ' Whi ° h ,ayer 0r the °*°™ost of which layers comprises a 
composition compnsing a polymer and having 

oxygen-scavenging properties.-wherein- 

more i^lX"* ^ " ***** ^ ** & ° KUm * ^ * 

(ii) the inner set of layers would have, if separate from the outer set and in the absence of oxvaen- 
scavenging properties, a permeance, for oxygen, of at least 2.0 cm 3 /(m* atm day)- and 

than ^IT 5 mner S9t °l'T S W ° U,d haV6 ' " S9parate from the outer set ' a Permeance, for oxygen, less 
than the permeance specified in (ii) by at least 1 .0 cmV(m 2 atm day). 

in tteZO^JZT 9 ""I! 0 ' inSt3nCe * 3 r6daim ' ayer iS present there ™y be some 0 ><y9en scavenging 
in the outer set of layers, the permeance (i) is in the absence of such scavenging 

•J^jEl'i? co " rse ' ox y aen *ff ven 9'n9 In the inner set of layers is to be deemed unaffected by the 

SESTET , ySrS - ' f inner S6t °' ' ayerS COnsists of *"° or more one of 

™Z£L m ^ iS SCavenain 9 in addition to the outermost one. then this will of course 

contribute to the difference specified in (iii). 

inJlL." for a f 30 ? 39 ?" ,he PreS8nt SDecificati °n ^d claims is included (except where the context 
indicates otherwise) not only a wall when Incorporated into a package structure but also packaging material 
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capable of formina walk c,,^ 

In the above "inner" W T«Z ^ PaCka ° in ° Sheet ' an * *> on 

■ inside of the wa , to Z oLlT™ ^ USa " °< ftS^^JS tT^ taatuw 0f tne 
'0 Preferably, the oerm 9a nr a , composes two or more 

he exposure time prior to filling of the pa^anf I ? " W '' S main ^able should b : great »» , 
filling, and the hiaher i« th» Package, the larger is the volume „f ~ greater the longer is 

difference to be mail the permeanc ° specified in (i) | n qeneral how 9 * y9en " ke,y t0 be ^closed on 
» humidity) for a t eaTt two prefer ^ ^ '^^'-^TTr* °' ^ 
one hundred days. °' at ,east ten - «* especially at te M t ^nTdavs L"? 5 ° % rela « ve 

An important aspect of tho „ ab ° Ve a " at ,ea st 

oxygen-sensitive product with Z Z° ? by the present mention is that if u.»h , „ 
set towards the atmosphe^ it^l lT $ T *« ° f Wa,,s '"•PO^^a^* ^ of a " 

* the product Especially J7e 1^ ,0 3 Very si 9 nifica "t degree to 22J J* 0 *"* the outer 
is very | ikely to preponde 1 in r T SPeC ' 7 '' ed ,n ® is «« than ,3 "J ° Xygen P*** with 
datively high P erm 6a S v f„ Vf* ™ at ,9ast ° v er scavenging <Z2f ^ ^ SUch scavenging 
above) faciliLs Zl2«Vt atS6Ke 0f sca ^9ing of the 2 s °££? f ^ Emitted. The 
» above is a measured L * ° Xy9en '' nt0 tne in ™ C whte ^ 1,19 «» 
» sheet or a ciinging Z *° power * the inner set of wa, s Tn e I T 9 f The dif ^nce 

Before proceeding to discuss th. n ' y 6 "'^ 3 f,exib,e 

observed. ' S "° SCaven °'"° to sufficient accuracy 0 lw whether" 1 "" 068 h hyp ° the,ical 

35 'n this respect, it is usefui ton( , 3 Particu,ar * 

Sc~t^ to o Xygen , at 

" - d,rence ^ ^ " ^ *^ «"=25 ft 

oxygen-scavenging. 96 " *« dark c r conditions of illumination no, « ' ^ SUrfaCeS ° f *• 
p w (t = «) may be d ... . " ol a PPreciably contributing to 

*> as follows:- " bS d9term ^ any one of severe, ways, or at (east . b 

f) ^e full form 0 f the curve ,„ P " mit PU< Up °" P - < l = 

p d«)lf scavenSin^ i%^ a T °' ^ 88 P - « « - 5 5 he ^ ST" 3 '' 8 l ° ° mit the 
Pw (t = .). app9ars W'V only after a time delay, early measurement^ of CuTaCeSon 
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(IV) Oxygen-scavenging may be suppressed by cooling the wall and P w measured and adjusted to 
allow for the effect of changed temperature. 

(V) Measurements of P w are made with an inert gas such as carbon dioxide, making due allowance 
for the difference between P w for that gas and for oxygen as observed in walls made of broadly similar non- 

5 scavenging materials. 

In its simplest form the wall provided by the present invention comprises just two layers, i.e. a single 
layer on the outside and a single layer comprising the aforesaid composition on the inside. Other forms can 
be considered as modifications of the above. For instance, there may be a tie layer between the two layers 

to just described (this tie layer then being the innermost layer of the outer set) and/or an additional layer on 
the inside of the layer comprising the composition. This additional layer (if necessary attached to the layer 
comprising the composition by a tie layer) may serve one or both of the following functions: it may separate 
the layer comprising the composition from the contents of the package (eg. to avoid possible food contact 
problems); and it may serve as a heat sealing layer. 

75 If the wall is rigid, as in the wail of a bottle, scavenging properties will decay during prolonged storage 
in air prior to filling, and such prolonged storage should preferably be avoided. 

If the wall is flexible sheet or film, it is possible to roll it up so as to largely to prevent access to air and 
to unroll immediately prior to use. An analogous technique is applicable in principle to flat or otherwise 
stackable rigid walls. 

20 Layers or the layer in the outer set referred to under (a) above advantageously comprise one or more 
suitably high-barrier polymers, metals, inorganic oxides such as silica or alumina, or carbon in graphitic or 
diamond form. High barrier polymers may be readily selected by the man skilled in the art from their 
reported permeabilities. Among numerous such polymers we may mention MXD6 (already referred to in 
another context as an oxidisable organic component), po!y(vinylidene chloride), vinylidene chloride-vinyl 

25 chloride copolymers, and copolymers of ethylene and vinyl alcohol. 

The composition referred to under (b) above is advantageously a composition as provided by UK patent 
application 88 15699.7 (our case 4001) in its second aspect. Especially in order to achieve high differences 
as specified in (Hi) above, a non-oxidisable polymer having a P M of at least 3.0, most especially at least 10 
and above all at least 50 cm 3 mm/(m 2 atm day) is suitable. Poiyolefins are especially suitable, most 

30 particularly polyethylene (especially low-density polyethylene) and polypropylene. Oxidisable organic com- 
ponents and metal catalysts preferred are those described in GB 88 306175.6. The "present invention will 
now be further described, by way of illustration only, with reference to the attached Figures, of which - 

Figure 2 shows in section a lidding material including a metal sheet according to the present 
invention. 

35 Figure 3 shows a section through a wall of a polymer tray. 

Figure 4 shows in section a lidded tray in which the lidding material and the tray have the sections 
shown in Figures 2 and 3. 

Figure 5 shows, schematically and not to scale, in section an experimental container containing water 
and illustrating the principles of the present invention. 

In Figure 2, 1 represents a layer of oriented polyethylene terephthalate 25 micrometre in thickness 2 
represents a layer of polyurethane adhesive 5 micrometre in thickness, 3 represents a layer of aluminium 
metal 15 micrometre in thickness, and 4 represents a layer of polyurethane adhesive 5 micrometre in 
thickness. 1 to 4 together constitute the outer set of layers of the wall. 

5 represents a layer of thickness 100 micrometre of a composition consisting of MXD6 in a weight 
fraction of 10%, cobalt Siccatol in a weight fraction of 200 ppm expressed as metal, the balance being 
polypropylene. 6 represents a layer of polypropylene of thickness 20 micrometre. This serves as a heat 
seal layer, and also avoids direct contact of layer 5 with the package contents. 5 and 6 together constitute 
the inner set of layers of the wall, of which 5 is the outermost. 

In a modification of the structure shown in Figure 2. layer 3 of aluminium is 40 micrometre in thickness 
instead of 15 micrometre. While a thickness of 15 micrometre is indeed satisfactory if the layer is well 
made, use of a nominal thickness of 40 micrometre reduces the risk that pinholes will be present 

The permeance of the outer set of layers 1-4, for oxygen, is below the limit of detection on an OXTRAN 
machine (about 0.05 cm 3 /(m 2 atm day)) essentially because of the aluminium layer 3. 

In Example 10 of our copending patent application 88 15699.7 the permeance of a 1.5 mm wall 
containing 10% by weight of MXD6 and 90% by weight of polypropylene (without added cobalt) is given as 
26 cm /(m 2 atm day). The literature value for pure polypropylene^ permeability is 70 cm 3 mm/(m 2 atm 
day). Accordingly, the permeance in the absence of scavenging of layer 5 can be calculated to be 26 x 
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J .5 

•Jpp = 390 cm 3 /(m 2 atm day) 

and of layer 6 70' x ± 00( L -qcnn^a// 2 4 „ 

20 3500 cm 3 /(m 2 atm day). 
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• -t fCows that tne penance in the abS ence of scavenging of the inner set of layers 5 and 6 is 

(~ + -M" 1 = 350 cm3/ (m 2 atm d , 
\390 3500,1 

MtejS ^ 0 , ft9 c _ „. lh layers , and 3 by use oi ^ poiwto8 

40 micrometre. lsyB , 0 ls , , e *Z£?Z SoSE?? T"™" 1 •< »*L£ 

mtcrometre. and layer „ „ , J, i^"^""/ »P«l™er of Hta , 50 
Uyers ;»„ constitute me outer set of , ay T s a " hy<lr ' cl ^° <i *«' (Wymar o( Ihickness 40 micrometre. 

Layer 12 is 600 micrometre thick hac th* M 

scavenging. Layer 13 is a pol^ropyLel er sTmi-TT^ 35 5 h R 9 ure 2 - ■* * oxygen- 
separation function as layer's SfJS 2. Layers 1?^?^ ^ 1,16 S3me hMt sea ' « 

which layer 12 is the outermost. t0gether con s«tute the inner set of layers, of 

The composition of thn rnH ail _ : 



For layer 13 it is 70 x iQQQ si^^j . _, 

— - 1400 cm 3 /(m 2 atm day) 

40 For the outer layers 1 2 and 1 3 together it is 
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f — + -^-V 1 " 62 cm3/ (m 2 atrn d 
\ 65 1400/ 



so 
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^l^^mSm^^,^ »ZeT2 f*^ " y CM * u « i «' » *~» • slnote 
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septum 20. 19 represents conventional sealing compound. The pot contains water 21 to simulate a food or 
beverage product. Septum 20 permits sampling the head space gas 22 at intervals. 

The pot 17 was made as follows. Low-density polyethylene was mixed with MXD6 and a solution of 
cobalt (II) neodecanoate in a hydrocarbon solvent of low aromatic content with a boiling range at 760 mmHg 
of 155 *C to 173 "C, and dried overnight in a dehumidifying air dryer. The mixture was then injection- 
moulded to form a cylindrical pot with a wall thickness of 1.5 mm, an outside diameter of 61 mm, and an 
external height of 70 mm. The weight fractions used were as follows: MXD6, 10 per cent relative to the total 
composition; cobalt (expressed as metal), 500 ppm relative to the total composition; balance, polyethylene. 
The amount of solvent used was such that the weight fraction of cobalt (expressed as metal) was 5 per cent 
relative to the solution. 

The injection moulding machine was a Meiki 200. The materials used were as follows:- 



Low-density polyethylene 

Dutch State Mines grade Stamylan LD 2308A. 



MXD6 

Grade Remy 6001 from Mitsubishi Gas Chemicals of Japan. This is a polymer of meta-xyiylenediamine, 
H 2 NCH 2 -m-C6rVCH2. with adipic acid, H0 2 (CH 2 )4C0 2 H. The relative viscosity of the polyamide is 2.1. for 
a solution in 95% aqueous sulphuric acid containing 1g of polymer per 100 cm 3 of solution. 



Cobalt (II) neodecanoate 

Supplied by Shepherd Chemical Company,. Cincinnati, Ohio.' 



Solvent 

Isopar G supplied by Esso Chemical Ltd of Southampton.England. 

The arrangement shown simulates a package containing a food or beverage product in accordance with 
the invention. 17 comprises the inner set of layers (in this case a single layer) and 16 the outer set of layers 
(in this case also a single layer). The permeance of the outer set of layers 16 is less than 0.05cm 3 /(m 2 atm 
day) being of aluminium. The permeance of the Inner set of layers 17 was measured directly on the 
OXTRAN machine on a similar pot not sheathed with aluminium. Very remarkably, it was less than 0.05 
cm 3 /(m 2 atm day) both two days after fabrication of the pot and fourteen days after fabrication. In contrast a 
comparison pot identical except that no cobalt was present (i.e. in the absence of oxygen scavenging) had a 
permeance of 41 cm 3 /(m 2 atm day). This value is therefore the value specified in (ii) above, and the value 
specified in (Hi) above is practically the same. Both a very high accessibility of the scavenger in layer 17 to 
headspace oxygen 22 and high scavenging power of layer 17 are strongly indicated. 

Direct observation confirmed the performance in headspace scavenging resulting from these char- 
acteristics of layer 17. When the pot was filled with enough water to leave a headspace 22 of volume 50 
cm 3 , the oxygen content fell from an initial 21 per cent by volume relative to the headspace gas (initially air) 
to 8 per cent after 7 days and 4.5 per cent after 1 4 days. 

All measurements and storage in the above were under the standard conditions referred to previously. 
The permeance measurements were performed on an OXTRAN machine 10/50A made by Mocon Inc of 
USA. 



Claims 

1. A wall for a package comprising- 

(a) an outer set of one or more layers; and 

(b) an inner set of one or more layers, which layer or the outermost of which layers comprises a 
composition comprising a polymer and having oxygen-scavenging properties,- 
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wherein - 



(i) the outer set of layers would have, if separate from the inner set and in 

scavenging properties in any of the layers or the layer constituZ the 2?." f * ° Xy96n - 

more than 1 .5 cm'/fm* atm day); const,tut.ng the set. a permeance, for oxygen, of not 

s (ii) the inner set of layers would have, if separate from the outer set an* ;„ 
(in) the inner set of layers would have, if separate from the outer «»t * rw™^ 

is an N,oSc a S;C CMm '• *" °' " — °" e °' * B «"»»*■ < te «•* « 

is a U^.S" 8 '° C ' alm '' " - >-> ™ - •» 'ayers. c 0 „« 9 me oute( sel 

" is a pot;:" aCCOrdi0g " C ' aim '■ *»«■ " « - - constMng „ Me> m 

7. A walj according to claim 5. .tar*, oMisabh fc component is a polymer 
a A „a acccrtrng to claim 5. wtarair, ,ta oroaisaPle organic compooan ! . m'IL 

o, ,ta " — 5 ' — ' "» «— i-* ~ V.^a-*, „* 

25 -NH-CH 2 -arylene-CH 2 -NH-CO-alkylene-CO-. 

polymer A o,ZZ din9 t0 "* °' ^ 1 * *' Mn ,he ^™ in (b) ab0 ve is a 

po.ymer A ofX"n e 0rdin9 * ^ ^ °' ^'^ 1 t0 9 ' Wherein the P°'y™ specified in (b) above is a 

the * oSsa ss^r^ >r ct to be ~ w ^ 

be received. disposed on the side of the wall onto which the product is to 

13. A wall according to claim 12. which is a tray 

14. A wall according to any one of claims 1 to 12. which is a lidding material 
.aye^^ * «-* - inner set of layers comprises at least two 
11 according to any of claims 1 to 
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